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(54) A CHROMIUM-FREE CORROSION INHIBITION COATING

(57) Disclosed is a corrosion inhibition coating, com-
prising: a base comprising a matrix and a metal within
the matrix; and an inhibitor comprising: zinc molybdate,
cerium citrate, magnesium metasilicate, a metal phos-
phate silicate, or a combination thereof, wherein the met-

al within the matrix comprises aluminum, an aluminum
alloy, zinc, a zinc alloy, magnesium, a magnesium alloy,
or a combination thereof. Also disclosed is a substrate
coated with the corrosion inhibition coating.
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Description

BACKGROUND

[0001] Exemplary embodiments pertain to the art of
corrosion inhibition coatings, more particularly, to chro-
mium-free corrosion inhibition coatings for aircraft com-
ponents.
[0002] Alloys require corrosion protection in aerospace
applications. Conventional sacrificial corrosion inhibition
coatings for high operating temperatures are based on
aluminum-ceramic paints with hexavalent chromium
compound additives as corrosion inhibitors. However,
hexavalent chromium-containing compounds are con-
sidered environmental hazards by government agencies
around the world. In addition, chromium-free compounds
can lack sufficient corrosion inhibition properties.
[0003] Therefore, there is a need to develop a chromi-
um-free corrosion inhibition coating with equal or better
corrosion inhibition properties as compared to conven-
tional hexavalent chromium-containing compounds.

BRIEF DESCRIPTION

[0004] Disclosed is a corrosion inhibition coating, com-
prising: a base comprising a matrix and a metal within
the matrix; and an inhibitor. The inhibitor comprises zinc
molybdate, cerium citrate, magnesium metasilicate, a
metal phosphate silicate, or a combination thereof, e.g.
zinc molybdate, cerium citrate, magnesium metasilicate,
and/or a metal phosphate silicate. The metal within the
matrix comprises aluminum, an aluminum alloy, zinc, a
zinc alloy, magnesium, a magnesium alloy, or a combi-
nation thereof, e.g. aluminum, an aluminum alloy, zinc,
a zinc alloy, magnesium, and/or a magnesium alloy. Also
disclosed is a corrosion inhibition coating, comprising: a
base comprising a matrix and a metal within the matrix;
and an inhibitor comprising: zinc molybdate, cerium cit-
rate, magnesium metasilicate, and a metal phosphate
silicate, or a combination thereof, wherein the metal with-
in the matrix comprises aluminum, an aluminum alloy,
zinc, a zinc alloy, magnesium, a magnesium alloy, or a
combination thereof.
[0005] Also disclosed is a substrate coated with the
corrosion inhibition coating, e.g. as disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1 is a cross-section of a corrosion inhibition
coating comprising two distinct layers on a substrate
according to an exemplary embodiment; and

FIG. 2 is a cross-section of a mixed corrosion inhi-
bition coating on a substrate according to an exem-

plary embodiment.

DETAILED DESCRIPTION

[0007] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the Figures.
[0008] Referring to FIG. 1, a multilayer structure 10
includes a corrosion inhibition coating 12 coated on a
substrate 18. The corrosion inhibition coating 12 can
comprise an inhibitor 16 coated on a base 14. The base
14 and the inhibitor 16 can be two distinct layers as shown
in FIG. 1. Referring to the multilayer structure 10 of FIG.
2, an inhibitor 16 can be mixed within a base 14 to form
a corrosion inhibition coating 12 as a single layer. The
corrosion inhibition coating 12 can be coated on the sub-
strate 18.
[0009] The corrosion inhibition coating 12 can be a
chromium-free corrosion inhibition coating, for example,
a chromate-free corrosion inhibition coating, with equal
or better corrosion inhibition properties as compared to
conventional hexavalent chromium-containing com-
pounds. The corrosion inhibition coating 12 can function
in a wide range of applications, environments, and tem-
peratures. The corrosion inhibition coating 12 is also en-
vironmentally friendly. The corrosion inhibition coating
12 can inhibit the corrosion of metal, thereby extending
the life-time of a substrate 18.
[0010] As shown in FIG. 1, for example, the corrosion
inhibition coating 12 can comprise a base 14 comprising
a matrix and a metal within the matrix. In the coatings
disclosed herein, the matrix can comprise a silicate,
epoxy, ceramic, or a combination thereof, e.g. any suit-
able silicate, epoxy, ceramic, or a combination thereof.
For example, suitable ceramics can include alumina, be-
ryllia, ceria, zirconia, carbide, boride, nitride, and silicide.
The metal within the matrix can comprise aluminum, an
aluminum alloy, zinc, a zinc alloy, magnesium, a mag-
nesium alloy, or a combination thereof.
[0011] The corrosion inhibition coating 12 can also
comprise an inhibitor 16. For example, the inhibitor 16
can comprise zinc molybdate (ZnMoO4), cerium citrate,
for example, trivalent cerium citrate (C6H5CeO7), mag-
nesium metasilicate (MgO3Si), and a metal phosphate
silicate. The inhibitor 16 can be in the form of a powder.
[0012] The corrosion inhibition coating 12 can com-
prise about 1% to about 99% base 14 by volume and
about 1% to about 99% inhibitor 16 by volume. For ex-
ample, the corrosion inhibition coating 12 can comprise
about 70% to about 95% base 14 by volume and about
5% to about 30% inhibitor 16 by volume. The corrosion
inhibition coating 12 can comprise about 85% to about
95% base 14 by volume and about 5% to about 15%
inhibitor 16 by volume. The corrosion inhibition coating
12 can comprise less than or equal to about 50% inhibitor
16 by volume. For example, the corrosion inhibition coat-
ing 12 can comprise less than or equal to about 10%
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inhibitor 16 by volume.
[0013] The inhibitor 16 can comprise about 0% to about
100% (e.g. up to 100%) zinc molybdate by weight; about
0% to about 100% (e.g. up to 100%) cerium citrate, for
example, trivalent cerium citrate by weight; about 0% to
about 100% (e.g. up to 100%) magnesium metasilicate
by weight; and about 0% to about 100% (e.g. up to 100%)
of a metal phosphate silicate by weight. For example, the
inhibitor 16 can comprise about 1% to about 50% zinc
molybdate by weight; about 1% to about 50% cerium
citrate, for example, trivalent cerium citrate, by weight;
about 1% to about 50% magnesium metasilicate by
weight; and about 1% to about 50% of a metal phosphate
silicate by weight. For example, the inhibitor 16 can com-
prise about 25% zinc molybdate by weight; about 25%
cerium citrate by weight; about 25% magnesium meta-
silicate by weight; and about 25% of a metal phosphate
silicate by weight.
[0014] The inhibitor 16 can comprise about 1/3 zinc
molybdate by weight; about 1/3 magnesium metasilicate
by weight; and about 1/3 of a metal phosphate silicate
by weight. The inhibitor 16 can comprise about 50% zinc
molybdate by weight; and about 50% cerium citrate, for
example, trivalent cerium citrate, by weight. The inhibitor
16 can also consist of only four components, namely, the
zinc molybdate, the cerium citrate, the magnesium meta-
silicate, and the metal phosphate silicate. For example,
the corrosion inhibition coating 12 can comprise 0% mag-
nesium molybdate. The corrosion inhibition coating 12
can also comprise 0% chromium.
[0015] The metal phosphate silicate of the inhibitor 16
can comprise aluminum phosphate silicate, zinc phos-
phate silicate, calcium phosphate silicate, strontium
phosphate silicate, or a combination thereof.
[0016] The inhibitor 16 can be mixed within the base
14, for example so as to form a single layer 12 as shown
in FIG. 2. For example, the matrix of the base 14 can
serve as the matrix for the inhibitor 16. The base 14 and
the inhibitor 16 can also be unmixed, for example so as
to form two distinct layers as shown in FIG. 1. In the case
where the base 14 and the inhibitor 16 form two distinct
layers, the inhibitor 16 can be coated on the base 14 and
is thus further from the substrate 18 than the base 14.
[0017] In the case where the base 14 and the inhibitor
16 form two distinct layers, the inhibitor 16 can further
comprise a second matrix. For example, the inhibitor 16
can comprise about 0% to about 50% zinc molybdate by
volume; about 0% to about 50% cerium citrate, for ex-
ample, trivalent cerium citrate by volume; about 0% to
about 50% magnesium metasilicate by volume; and
about 0% to about 50% of a metal phosphate silicate by
volume, mixed within the second matrix. For example,
the second matrix can be greater than or equal to about
50% by volume of the inhibitor 16. For example, the sec-
ond matrix can comprise silicate, epoxy, ceramic, or a
combination thereof.
[0018] The curing temperature of the corrosion inhibi-
tion coating 12 will vary depending on the particular ma-

trix used. For example, curing temperatures can be dif-
ferent for silicate, epoxy, and ceramic matrices. Curing
duration can also vary with curing temperature. For ex-
ample, if a higher curing temperature is used, less curing
time is required.
[0019] In the case where the inhibitor 16 is mixed within
the base 14 so as to form a single layer, the corrosion
inhibition coating 12 can be cured at a single temperature,
corresponding to the matrix used. In the case where the
base 14 and the inhibitor 16 form two distinct layers, two
different curing temperatures can be used, correspond-
ing to the matrix used for each layer. For example, the
base 14 can be cured at a first temperature, followed by
addition of the inhibitor 16 and curing at a second tem-
perature. For example, curing temperatures can be about
20°C to about 200°C.
[0020] The corrosion inhibition coating 12 can be coat-
ed onto a substrate 18. For example, the substrate 18
can comprise steel, aluminum, zinc, magnesium, or a
combination thereof. For example, the substrate 18 can
comprise alloys of these metals. The corrosion inhibition
coating 12 can function in a wide range of applications
and environmental temperatures. For example, the sub-
strate 18 can be an aircraft component. For example, the
aircraft component can be a propeller blade, a propeller
shank, a propeller hub, a propeller barrel, a propeller tulip,
a landing gear component, an engine gear, an engine
disc, a shaft, for example, an engine shaft, a strut, or a
counterweight.
[0021] Set forth below are some embodiments of the
foregoing disclosure:

Embodiment 1. A corrosion inhibition coating, com-
prising: a base comprising a matrix and a metal within
the matrix; and an inhibitor. The inhibitor comprising:
zinc molybdate, cerium citrate, magnesium metasil-
icate, a metal phosphate silicate, or a combination
thereof, e.g. zinc molybdate, cerium citrate, magne-
sium metasilicate, and a metal phosphate silicate,
or a combination thereof. The metal within the matrix
comprises aluminum, an aluminum alloy, zinc, a zinc
alloy, magnesium, a magnesium alloy, or a combi-
nation thereof.

Embodiment 2. The corrosion inhibition coating of
Embodiment 1, wherein the matrix comprises sili-
cate, epoxy, ceramic, or a combination thereof.

Embodiment 3. The corrosion inhibition coating of
Embodiment 1 or 2, wherein the corrosion inhibition
coating comprises: about 70% to about 95% base
by volume; and about 5% to about 30% inhibitor by
volume.

Embodiment 4. The corrosion inhibition coating of
any one of the preceding Embodiments, wherein the
corrosion inhibition coating comprises less than or
equal to about 10% inhibitor by volume.
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Embodiment 5. The corrosion inhibition coating of
any one of the preceding Embodiments, wherein the
inhibitor consists of: zinc molybdate; cerium citrate;
magnesium metasilicate; and a metal phosphate sil-
icate.

Embodiment 6. The corrosion inhibition coating of
any one of the preceding Embodiments, wherein the
inhibitor comprises: about 25% zinc molybdate by
weight; about 25% cerium citrate by weight; about
25% magnesium metasilicate by weight; and about
25% of a metal phosphate silicate by weight.

Embodiment 7. The corrosion inhibition coating of
any one of the preceding Embodiments, wherein the
inhibitor comprises: about 1% to about 50% zinc mo-
lybdate by weight; about 1% to about 50% cerium
citrate by weight; about 1% to about 50% magnesium
metasilicate by weight; and about 1% to about 50%
of a metal phosphate silicate by weight.

Embodiment 8. The corrosion inhibition coating of
any one of the preceding Embodiments, wherein the
corrosion inhibition coating comprises 0% chromi-
um.

Embodiment 9. The corrosion inhibition coating of
any one of the preceding Embodiments, wherein the
corrosion inhibition coating comprises 0% magnesi-
um molybdate.

Embodiment 10. The corrosion inhibition coating of
any one of the preceding Embodiments, wherein the
metal phosphate silicate comprises aluminum phos-
phate silicate, zinc phosphate silicate, calcium phos-
phate silicate, strontium phosphate silicate, or a
combination thereof.

Embodiment 11. The corrosion inhibition coating of
any one of the preceding Embodiments, wherein the
inhibitor is a powder.

Embodiment 12. The corrosion inhibition coating of
any one of Embodiments 1 to 11, wherein the inhib-
itor is mixed within the base.

Embodiment 13. The corrosion inhibition coating of
any one of Embodiments 1 to 11, wherein the base
and the inhibitor are two distinct layers.

Embodiment 14.The corrosion inhibition coating of
Embodiment 13, wherein the inhibitor is coated on
the base.

Embodiment 15. The corrosion inhibition coating of
Embodiment 13 or Embodiment 14, further compris-
ing a second matrix, wherein the inhibitor is mixed
within the second matrix.

Embodiment 16. The corrosion inhibition coating of
Embodiment 15, wherein the second matrix compris-
es silicate, epoxy, ceramic, or a combination thereof.

Embodiment 17. A substrate coated with the corro-
sion inhibition coating of any one of the preceding
Embodiments.

Embodiment 18. The substrate of Embodiment 17,
wherein the substrate comprises steel, aluminum,
zinc, magnesium, or a combination thereof.

Embodiment 19. The substrate of Embodiment 17
or Embodiment 18, wherein the substrate is an air-
craft component.

Embodiment 20. The substrate of Embodiment 19,
wherein the aircraft component is a propeller blade,
a propeller shank, a propeller hub, a propeller barrel,
a propeller tulip, a landing gear component, an en-
gine gear, an engine disc, a shaft, a strut, or a coun-
terweight.

[0022] The term "about" is intended to include the de-
gree of error associated with measurement of the partic-
ular quantity based upon the equipment available at the
time of filing the application.
[0023] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components (and encompasses "consist(s)
of’, "consisting of’, "consist(s) essentially of" and "con-
sisting essentially of’), but do not necessarily preclude
the presence or addition of one or more other features,
integers, steps, operations, element components, and/or
groups thereof.
[0024] While the present disclosure has been de-
scribed with reference to an exemplary embodiment or
embodiments, it will be understood by those skilled in the
art that various changes may be made and equivalents
may be substituted for elements thereof without depart-
ing from the scope of the present disclosure. In addition,
many modifications may be made to adapt a particular
situation or material to the teachings of the present dis-
closure without departing from the essential scope there-
of. Therefore, it is intended that the present disclosure
not be limited to the particular embodiment disclosed as
the best mode contemplated for carrying out this present
disclosure, but that the present disclosure will include all
embodiments falling within the scope of the claims.
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Claims

1. A corrosion inhibition coating, comprising:

a base comprising a matrix and a metal within
the matrix; and
an inhibitor comprising:

zinc molybdate,
cerium citrate,
magnesium metasilicate,
a metal phosphate silicate, or a combination
thereof,

wherein the metal within the matrix comprises
aluminum, an aluminum alloy, zinc, a zinc alloy,
magnesium, a magnesium alloy, or a combina-
tion thereof.

2. The corrosion inhibition coating of Claim 1, wherein
the matrix comprises silicate, epoxy, ceramic, or a
combination thereof.

3. The corrosion inhibition coating of Claim 1 or Claim
2, wherein the corrosion inhibition coating compris-
es:

about 70% to about 95% base by volume; and
about 5% to about 30% inhibitor by volume.

4. The corrosion inhibition coating of any one of the
preceding Claims, wherein the corrosion inhibition
coating comprises less than or equal to about 10%
inhibitor by volume.

5. The corrosion inhibition coating of any one of the
preceding Claims, wherein the inhibitor consists of:

zinc molybdate;
cerium citrate;
magnesium metasilicate; and
a metal phosphate silicate.

6. The corrosion inhibition coating of any one of the
preceding Claims, wherein the inhibitor comprises:

about 25% zinc molybdate by weight;
about 25% cerium citrate by weight;
about 25% magnesium metasilicate by weight;
and
about 25% of a metal phosphate silicate by
weight.

7. The corrosion inhibition coating of any one of the
preceding Claims, wherein the inhibitor comprises:

about 1% to about 50% zinc molybdate by
weight;

about 1% to about 50% cerium citrate by weight;
about 1% to about 50% magnesium metasilicate
by weight; and
about 1% to about 50% of a metal phosphate
silicate by weight.

8. The corrosion inhibition coating of any one of the
preceding Claims, wherein the corrosion inhibition
coating comprises 0% chromium, and/or
wherein the corrosion inhibition coating comprises
0% magnesium molybdate.

9. The corrosion inhibition coating of any one of the
preceding Claims, wherein the metal phosphate sil-
icate comprises aluminum phosphate silicate, zinc
phosphate silicate, calcium phosphate silicate,
strontium phosphate silicate, or a combination there-
of, and/or
wherein the inhibitor is a powder.

10. The corrosion inhibition coating of any one of Claims
1 to 9,
wherein the inhibitor is mixed within the base, or
wherein the base and the inhibitor are two distinct
layers.

11. The corrosion inhibition coating of any preceding
Claim, wherein the inhibitor is coated on the base.

12. The corrosion inhibition coating of any preceding
claim, further comprising a second matrix, wherein
the inhibitor is mixed within the second matrix, pref-
erably wherein the second matrix comprises silicate,
epoxy, ceramic, or a combination thereof.

13. A substrate coated with the corrosion inhibition coat-
ing of any one of the preceding claims.

14. The substrate of Claim 13, wherein the substrate
comprises steel, aluminum, zinc, magnesium, or a
combination thereof.

15. The substrate of Claim 13 or claim 14, wherein the
substrate is an aircraft component, preferably
wherein the aircraft component is a propeller blade,
a propeller shank, a propeller hub, a propeller barrel,
a propeller tulip, a landing gear component, an en-
gine gear, an engine disc, a shaft, a strut, or a coun-
terweight.
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